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(57) Abstract 

An ethylene polymerization catalyst comprising two I 
sition metal components on a support with one of the two tran- 
sition metals in the form of a metallocene. An aluminum alkyi 
activator for the non-metallocene transition metal component is 
also present Hie support is an anhycbous material piq»ared hy 
reacting (i) a silanol-containing silica impregnated with a mag- 
nesium aU^l with (ii) an alcohol. Hie catalyst produces e&ytene 
copolymer in a single reactor with a bimodal molecular w^ght 
distribution. TbiR polymerization is practiced m a reactor (10) 
comprising a reaction zone (12), a velocity reduction zone (14) 
and a distributor plate (20). The reaction zone (12) comprises a 
bed of growing polymer particles and a minor amount of cata- 
lyst particles tluidized the continuous flow of polymerizable 
and modifying gaseous components. Hie distribution plate dif- 
fuses the recycle gas. The recycle gas is separated in the cy- 
clone sq>arator (22) from tiie catalyst particles, passes through 
the cooler (24). and is further compressed in compressor (25), 
passes through a heat exchanger (26). combines with a £pesh feed 
and enters the reaction zone (12) through the distributor pUtte 
(20). When a desirable degree of polymerization has been ac- 
complished the polymer particles with bimodal molecular wei^t 
distribution are recovered from the reactor. 
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Catalyst Composition for iise in the Polyserdzation 
and Copolvnerization of Ethylene 

This invention relates to a catalyst composition for use 
in the polymerization, and copolymerization of ethylene, 
particularly of biiaodal molecular weight distribution high 
density and linear low density polymers . and copolymers of 
5 ethylene. 

Polyethylene is produced commercially in a gas phase 
reaction in the absence of solvents and in slurry by oatalysis. 
To be commercially useful in the gas phase fluid bed process, 
the catalyst must exhibit high activity, with concomitant high 

10 catalyst productivity, because gas phase process systems do not 
include catalyst residue removal procedures « Accordingly, 
catalyst residue in the polymer product must be so small that 
it can be left in the polymer without causing any undue problems 
in the fabrication and/or to the ultimate consumer. To this 

15 end, the patent literature is replete with developments of new 
catalysts, of high activity with corresponding high productivity 
values. 

The use of metallocene compounds of transition metals as 
catalysts for polymerization and copolymerization of ethylene 

20 is one of those developments. Metallocenes can be described by 
the empirical formula Cp^MAjft. These compounds in combination 
with msthylalumoxane (MAO) compounds have been used to produce 
olefin polymers and copolymers, such as ethylene and propylene 
homopolymers, ethyl ene-butene and ethylene-hexsne copolymers, 

25 e.g., see US-A-4542199 US-A-4404344. 

More recently, as exemplified in US-A-5032562, metallocene 
catalysts containing a second transition metal, such as titaniur 
have been developed which produce btmodal molecular weig^. . 
distribution products, having a high molecular weight componenv. 

30 ana . a relatively lower molecular weight component. The 
development of a catalyst which can produce binodal products in 
a single reactor is significant per se. That development also 
provides a commercial alternative to processes which require two 
reactors to produce bimodal production with production of one 

35 of the molecular weight components in a first reactor and 
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transfer of that component to a second reactor and completion 
of the polymerization with production of the other component of 
different molecular weight. 

Aluaoxanes, e.9. methylalumoxane (HAO) , are used as co- 
5 catalyet with metallocenee. The class of aluaoxanes comprises 
oligomer ic linear and/or cyclic alkylalximoxanes represented by 
the formula: R- (Al (R) -0) ,-Al»2 for oligomeric. linear 
aluffloxanes; and {-Al(R)-0-)o, for oligomer Ic cyclic alumoxanes 
wherein n is 1-40, preferably 10-20, m is 3-40, preferably 3-20 
10 and R is a Ci~Cg alkyl group and preferably methyl. 

Methylalumoxane is commonly produced by reacting 
trimethylaluminum with water or with hydrated inorganic salts, 
auch as CUSO4.5H2O or Alj(S04),.5KjO. Methylalumoxane can be also 
generated in situ in polymerization reactors by adding to the 
15 reactor trimethylaluminum and water or water -containing 
inorganic salts. MAO is a mixture of oligomers with a very wide 
distribution of molecular weights and usually with an average 
molecular weight of about 1200. mac is typically kept in 
solution in toluene, while the MAO solutions remain liquid at 
20 fluid bed reactor temperatures, the MAO itself is a solid at 
room temperature . 

Most of the experiments reported in the literature relating 
to methylalumoxane used as a cocatalyst with aetallecene 
catalysts are undertaken tn a slurry or solution process, rather 
25 than in a gas phase fluid bed reactor process. 

Reactor fouling results when MAO solutions ere fed directly 
into the gas phase reactor in large enough quantities to provide 
liquid contact with the metalloeene component of the catalyst. 
The fouling occurs because the MAO solution forms a liquid film 
30 on the interior walls of the reactor. The catalyst is activated 
when it comes into contact with this liquid film, and the 
activated catalyst reacts with ethylene to form a polymer 
coating which grows larger in size until the reactor is fouled. 
In addition, since substantially dll of the activation takes 
35 place on the walls, the MAO is not uniformly distributed tc the 
catalyst particles. The resulting nan-homogeneous 

polymerization gives low catalyst activity and poor product 
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properties. 

According to the present in-'entlon, there is provided a 
catalyst composition for producing bimodal molecular weight 
distribution high density arid linear low density polyners and 
5 copolymers of ethylene, conprising: 

(a) an aluminum alkyl non-oxygen containing activator; 
and 

(b) a dry, anhydrous, support containing composition 
comprising an activated metallocene compound of a 

^0 transition metal and a ncn-raetailocene transition 

metal activated by said aluminum aikyl activator, 
wherein the support is the reaction product of: 

(1) silica having OH groups, impregnated with RJKgR'„, 
wherein each of and is alkyl group containing 1 

15 to 12 carbon atoms, each ol m and n is 0, 1 or 2 

provided that m•^n is equal to the valency of Mg, and 
R^MgR'n is present in an amount to provide a R,qMgR'g:OH 
molar ratio of 0.5 :l to 4:1; and 

(2) an organic alcohol reagent providing alkoxy groups 
20 having a formula R"o-, wherein R''' is aUcyl group 

containing 1 to 12 carbons; said alkoxy groups being 
effective to displace the R„ and of said R^MgR'^; 
and said reagent being used in an amount effective to 
provide an alcohol :Mg molar ratio cf 0.5 to 2.0^ 
25 In an embodiment said alkyl aluninux? activator activates 

said non-metal locene transition metal. 

In a preferred embodiment, the reaction product is formed 

by 

(i) providing a slurry of a non-polar solvent and a 
30 solid porous silica having -OH groups; 

(ii) impregnating said silica, with said J^JigR'^, to 
fcrm an intermediate (ii), wherein the Mg:-OH 
groups ratio is less than 2, wherein said KJigR 
is soluble in said non-polar solvent; 

3S (iii) treating the intermediate from step (iij with an 

amount of R'/OH, which a.Tount is effective to 
provide a R"OH:R^MgR^„ molar ratio of 0.5 to 



n 
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2.0. 

It is preferred that this embodioent includes further 
steps, after (iii) , comprising: 

(iv) treating the product of step (iii) product with 

S TiCl^ to form a titanium containing 

internediate; and 
(V) combining the titanium containing intermediate 

vith a said activator. 
As explained above, the catalyst comprises at least two 
10 transition metal componants on a support; one of the two 
transition metal components is provided in the form of a 
metallocene. The supported transition Mtals are activated by 
an aluminum compound, free of water and of oligomeric and 
polymeric oxygen-containing compounds of aluminum. 
13 Polymerization products comprise two components of different 
molecular weight, thus one being of higher molecular weight than 
the other. The film products exhibit excellonc Drop Dart impact 
(DDI) and excellent bubble stability in high stalk extrusion. 
The invention relates to a catalyst and its use in the 
20 preparation of bimodal molecular weight distribution polymers 
and copolymers of ethylene, which can be prepared in one 
reactor. The catalyst comprises at least two transition metal 
components on a support; one of the two transition metal 
components is provided in the form of a metallocene. The 
25 supported transition metals are activated by a non-oxygen 
containing aluminum compound, in accordance with the invention, 
no alumoxane (e.g. methylalumoxane) feed to the reacror (slurrj- 
or gas phase fluid bed) is required for the activacion ef the 
transition metal provided as a merallocene. 
30 catalysrs which contain at least two transition metals, one 

in the form of a metallocene and one transition metal in the 
tOKm of a non-metalloeene, have an activity of at least about 
1000 g polymer/g catelyst or about 200 kg pclymer/g of each 
transition metal. 
35 The catalysts of the invention comprise a cocatalyst 

coapriaing an aluminum alkyl compound, such as a trlalkyl 
aluminum, free of alumoxane and free of water, or oxygen- 
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containing oligomers and polyisers of the alxu&inum alkyl 
compound, and a catalyst precursor comprising a carrier, an 
alumoxane and at least one aetallocene; in one embodiment the 
catalysts further include a non-iaetallocene transition aetal 
5 source « 

The carrier material nay be a solid, particulate, porous, 
preferably inorganic material, such as an oxide of silicon 
and/or of aluminum. The carrier material may be used in the 
form of a dry powder having an average particle size of from 
10 about 1 micron to about 500 microns, preferably from about 10 
microns to about 250 microns. The surface area of the carrier 
may be at least about 3 square meters per gram (m^/g) , and 
preferably at least about 50 m^/g up to about 350 m*/g. The 
carrier material should be dry, that is, free of absorbed water • 

15 Drying of the carrier material can be effected by heating at 
about 100*0 to about 1000 preferably at about SOO^C. When 
the carrier is silica, it is heated to at least 200*C^ 
preferably about 200*C to about 850*c and roost preferably at 
about 600*0. The carrier material must have at least some 

20 active hydroxyl (OH) groups to produce the catalyst composition 
of this invention. 

in the most preferred embodiment, the carrier is silica 
which, prior to the use thereof in the first catalyst synthesis 
step, has been dehydrated by fluidlzing it with nitrogen and 

25 heating at about SOO^C for about 16 hours to achieve a surface 
hydroxyl group concentration of about 0.7 Tnillimoles per gram 
(mmols/g) . The silica of the most preferred embodiment is a 
high surface area, amorphous silica (surface area = 300 m^/g; 
pore volume of about 1.65 cra^/g) , and it is a material marketed 

30 under the tradenames of Davison 952 or Davison 955 by the 
Davison chemical Division of W.R. Grace and Company. This 
silica is in the form of spherical particles, e.g. , as obtained 
by a spraydrying process. As procured, these silicas are not 
calcined; and this must be dehydrated, as indicated €ibove. 

35 The catalyst synthesis is undertaken under inert 

conditions, in the absence of water and of oxygen. The carrier 
is dispersed in solvent to form a slurry. 
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The carrier naterial, having said (OH) groups, may be 
slurried in a non-polar solvent and the resulting sliirry is 
contacted with at least one organoaagneeiuia compound having the 
«mpirical formula below. The slurry of the carrier material in 
5 the solvent is prepared by introducing the carrier into the 
solvent, preferably tAile stirring, and heating the mixture to 
about 25 to about 70«c, preferably to about <o to about 60«»c. 
Temperatures here are critical with respect to the non- 
metallooene transition metal which is subsequently added; that 

10 is temperatures in this slurry of about 90»c result in 
deactivation of the transition metal added subsequently. 
Accordingly, all catalyst precursor synthesis steps are 
preferably eonductad below 90 'C. The slurry is then contacted 
with the aforementioned organomagnesium compound, while the 

15 heating is continued as indicated. 

The organomagnesium compound has the empirical formula 

where R and R' are the same or different C, to Cj^ alkyl groups, 
preferably C2-C,a alkyl groups, more preferably C4-c„ alkyi 
20 groups, more preferably Q-Cg noraal alkyl groups, and most 
preferably both R and R' are mostly n-butyl groups? m and n are 
each 0, 1 or 2, providing that m + n is equal to the valence of 
Mg. 

Suitable non^polar solvents are materials in wHich all of 
25 the reactants may be used herein, i.e., the organomagnesium 
compound, and the transition metal compound, are at least 
partially soluble and which are liquid at reaction temperatures. 
Preferred non-polar solvents are alkanes, such as isopentane, 
hexane, n-heptane, octane, nonane. and decane, although a 
30 variety of other materials including cycloalkanes , such as 
cyelohexane, aromatics, such as benzene, toluene and 
etj}ylben«ene, may also be employed. The moat preferred non- 
polar solvent is isopentane. Prior to use, the non-polar 
solvent should be purified, such as by percolation through 
35 silica gel and/or molecular sieves, to remove traces of water, 
oxygen, polar compounds, and other saterials capable of 
adversely affecting catalyst activity. 
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In the most preferred embodiment of the synthesis of this 
catalyst it is important to add only such an amount of the 
organomagnesium compound that will be. deposited - physically or 
chemically - onto the support since any eaecess of the 
5 organomagnesiuia compound in the solution may react with other 
synthesis chemicals and precipitate outside of the support. The 
carrier drying temperature affects the numher of sites on the 
carrier available for the organomagnecitam compound - the higher 
the drying temperature the lower the number of sites. Thus, the 
10 exact molar ratio of the organomagnesium compound to the 
hydrojcyl groups will vary and must be determined on a ease-by - 
case basis preferably to ensure that only so much of the 
organomagnesiuir compound is added to the solution as will be 
deposited onto the support without leaving any excess of the 
15 organomagnesium compound in the solution. Furthermore, it is 
believed that the molar amount of the organomagnesium compound 
deposited onto the support is greater than the molar content of 
the hydroxy 1 groups on the support. Thus, the molar ratios 
given below are Intended only as an approximate guideline and 
20 the exact amount of the organomagnesium compound in this 
embodiment must be controlled by the functional limitation 
discussed above, i.e., it is preferably not greater than that 
which can be deposited onto the support, if greater than that 
amount is added to the solvent, the excess may react with the 
25 non-metallocene transition metal compound, thereby forming a 
precipitate outside of the support which is detrimental in the 
synthesis of our catalyst: this is generally undesirable. The 
amount of the organomagnesium compound which is not greater than 
that deposited onto the support can be determined in any 
30 conventional manner, e.g., by adding the organomagnesium 
compound to the slurry of the carrier in the solvent, while 
stirring the slurry, until the organomagnesium compound is 
detected as a solution in the solvent. 

For example, for the silica carrier heated at aoout 600*C, 
35 the amount of the organomagnesium conpound added to the slurry 
is such that the molar ratio of Mg to the hydroxyl groups (OH) 
on the solid carrier is about o.5;l to about 4;1, preferably 
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about 0.8:1 to about 3:1^ more preferably about 0.9:1 to about 
2:1 and most preferably about 1:1. The organonagneaiusi compoiind 
dissol vefi in the non-polar solvent to form a solution from which 
the organonagnesluA compound is deposited onto the carrier* 
5 It is also possible to add such an aaiount of the 

organonagnesiuai compound which is in excess of that which will 
be deposited onto the support, and then remove, e.g., by 
filtration and washing, any excess of the organomagnesium 
compound. However, this alternative is less desirable than the 

10 most preferred embodiment described above* 

The organomagnesium treated support is contacted with an 
organic alcohol reagent (fiOM) containing RO- groups which are 
reactive or capable of displacing alkyl groups on the magnesium. 
The amount of this organic alcohol reagent is effective to 

15 provide a ROH:Mg ratio of 0.5 to 2.0, preferably 0.8 to 1.5. 

Contact of the silica supported magnesium compound, with 
the organic alcohol reagent is undertaken in the slurry* 
Contact is undertaken at a temperature ranging from 25«C to 
80*C, preferably 40'C to 70'C. 

20 The alkyl group in the organic alcohol reagent can contain 

1 to 12 carbon atoms, preferably i to 8; in the embodiments 
below, it is an alkyl containing 2 to 4 carbon atoms, 
particularly of 4 carbon atoms (butyl) . The inclusion of the 
alcohol reagent step in the catalyst synthesis of the invention 

25 produces a catalyst which, relative to the absence of this step, 
is much more active, requires much less non- trans it ion metal 
(e.g. titanium), and is much more active with respect to the 
product component produced with the metallocene-transitlon 
metal component. 

30 After the addition of the organic alcohol reagent zo the 

slurry is completed, the slurry is contacted with a non- 
me^allocene transition metal compound, free of substituted or 
unsubstituted cyclopentadienyl groups. The slurry temperature 
is preferably be maintained at about 25 to about 70 ''C, more 

35 preferably at about 40 to about 60 ^C. As noted above, 
temperatures in this slurry of about 80<»c or greater result in 
deactivation of the non-metallccene transition metal. Suitable 



W09fV13871 




PCrAJS94/13128 



- 9 - 

non-netallocene transition metal compounds used herein are 
coapoundfi of metals of Groups 4A, and SA, o£ the Periodic Chart 
of the Elements, as published by Chemical and Engineering News, 
63(5), 27, 1985, providing that such compounds are soluble in 
5 the non-polar solvents, non-limiting examples of such compounds 
are titaniun and vanadium halides, e.g. , titanium tetrachloride, 
Tici<, vanadium tetrachloride, VCI4, vanadium oxytrichloride, 
VOCI3, titanium and vanadium alJcoxides, wherein the alkoxide 
moiety has a branched or unbranched alkyl radical of 1 to about 
10 20 carbon atoms, preferably 1 to about 6 carbon atoms. The 
preferred transition metal compounds are titanium compounds, 
preferably tetravalent titanium compounds. The most preferred 
titanium compound is titanium tetrachloride. The amount of 
titanium or vanadium, in non-netallocene form preferably ranges 
15 from a Ti:Kg molar ratio of 0,3 to l.o, preferably from 0.50 to 
0.80. 

Mixtures Of such non-metal locene transition metal compounds 
ftay also be used and generally no restrictions are imposed on 
the transition metal compounds which may be included. Any 

20 transition metal compound that may be used alone may also be 
used in conjunction with other transition metal compounds. 

After the addition of the non-metallocene trar.sition metal 
compound is complete, the slurry solvent is removed by 
evaporation or filtering to obtain a free-flowing powder. Next, 

25 incorporation of the netallocene can be undertaken. The 
metalleeene is activated with an aluaoxane. 

The netallocene compound has the formula Cp,MA^, in which 
Cp is an unsubstituted or substituted cyclopentadienyl group, 
H is zirconium or hafnium and A and B belong to the group 

30 including a halogen atom, hydrogen or an alkyl group, m the 
above formula of the netallocene compound, the preferred 
tr^sitlon metal atom M is zirconium, m the above formula of 
the netallocene compound, the cp group is an unsubstituted, a 
mono- or a polysubstituted cyclopentadienyl group: and x is at 

35 least I. The substituents on the cyclopentadienyl group can be 
preferably straight-chain c,'C, alkyl groups. The 
cyclopentadienyl group can be also a part of a bicyclic or a 
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tricyclic moiety such as indenyl, tetrahydroindenyl, fluorenyl 
or a partially hydrogenated fluorenyl group, as well as a part 
of a substituted bicyelic or tricyclic moiety, m the case when 
X In the above fonouia of the metallocene compound is equal to 
S 2, the eyclopentadienyl groups can be also bridged by 
polymethylene or dialkylailane groups, such as -CH,-, -CH^-CBj-, 
-CR»R«- and -CR'R"-CR'R"- where R' and R" are short allcyl groups 
or hydrogen, -SKCHj),-, si(CMj)j-CHj-CHj-si{CK,)2- and slailar 
bridge groups, if the A and B substituents ir the above formula 

10 of the tnatallocene compound are halogen atoms, they belong to 
the group of fluorine, chlorine, broaine or iodine; and y + a 
is 3 or less, provided that x + y + 2 equals the valence of K. 
If the substituents A and B in the above formula of the 
metallocene compound are alkyl groups, they are preferably 

15 straight-chain or branched C,-Cg alkyl groups, such as msthyl, 
ethyl, n-propyi, isoprppyl, n-butyl, ieobutyl, n-pentyl, n-hexyl 
or n-octyl. 

Suitable metallocene compounds include 
bis (eyclopentadienyl) metal dihalides, bis (eyclopentadienyl) metal 
20 hydrldohalides, bis ( eyclopentadienyl )r.etal nonoalkyi 
monohalides, bis (eyclopentadienyl) metal dialkyls and 

bis (indenyl) metal dihalides wherein the metal is zirconium or 
hafnium, halide groups are preferably chlorine and the alkyl 
groups are CfC^ alkyls. Illustrative, but non-limiting examples 

25 of metallocenes include bis (eyclopentadienyl) zirconium 
dichloride, bis (eyclopentadienyl) hafnium diehloride, 
bis (eyclopentadienyl) zirconium dimethyl, 
bis(cyclopentadienyi)hafniun dimethyl! 
bis (eyclopentadienyl) zirconiun hydridochior ide, 

30 bis (eyclopentadienyl) hafnium hydridochior ide, bis(n- 
butylcyclopentadienyl) zirconium dichloride, bis(n- 
butylcyclopentadienyl) hafnium dichloride, bl8<n- 
butylcyclopentadienyl) zirconium dimethyl, bis(n- 
butylcyclopentadienyDhafnium dimethyl, bis(n- 

35 butylcyclopentadienyl) zirconium hydridochior Ide, bis(n- 
butyleyclopentadienyl; haf niur> hy dr i d o eh lor i de , 
bis (pentamethylcyclopentodienyl) zirconiun dichloride, 
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bis (pentanethylcyclopcntadienyl) haf nlxnn dichloride, bis (n- 
butylcyclopentadienyl) zirconiian dichloride, cyclopentadienyl- 
zirconiun trichloride, bis (indenyl) zirconium dichiorid©, 
bis(4,5,6|7«tetrahydro-*l-indenyl) zirconium dichloride, and 
5 ethylene-[bis(4,5,6,7-tetrahydro-l-indenyl> ] zirconium 
dichloride* The metallocene coopoiindB utilised within th*a 
embodiment of this art can be used as crystalline solids, as 
solutions in aromatic hydrocarbons or in a supported form. 

The al\m6xane can be impregnated into the carrier at any 
10 stage of the process of catalyst preparation. in this 
embodinent, the amount of Al, provided by alimoacane, is 
sufficient to provide an All transition metal (provided by 
metallocene) mole ratio ranging fron 50 to 500, preferably 75 
to 300. 

15 The class of alimoxanes comprises oligojneric linear and/or 

cyclic alkylalumoxanes represented by the formula j 
R-(Al(R)-0)„-AlK2 for oligomeric, linear alumoxanes and 
(-Al(R)-o-)„ for oligomeric cyclic alunoxane 

wherein n is 1-40, preferably 10-20, m is 3-40, preferably 3-20 

20 and S Is a Ci-Cg alkyl group and preferably methyl. MAO is a 
mixture of oligomers with a very wide distribution of molecular 
weights and usually with an average rolecular weight of about 
1200. MAO is typically kept in solution in toluene. The MAO 
solutions remain liquid at fluid bed reactor temperatures. 

25 Incorporation of the activated metallocene component onto 

the carrier can be accomplished in various ways. Incorporation 
of either or both the aluminoxane can be into the slurry 
resulting from the addition, i.e. after the addition, of the 
non-metallocene transition metal. 

30 Alternatively, and in accordance with the unique r^ethod of 

infusion of aluiaoxane into the pores of the carrier, the carrier 
slijrry can be stripped of solvent, after the addition of the 
non-metallocene transition metal compound, to form a free- 
flowing powder. The free flowing powder can then be impregnated 

35 by determining the pore volume of the carrier and providing an 
alumovane (or metallocene-alumoyane) solution in a volume equal 
to or less tnan the total pore volume of the carrier, and 
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recovering a dry catalyst precursor. The resulting free-flowing 
powder, referred to herein as a catalyst precursor, is coabined 
with an activator (soaetiDes referred as a cecatalyst). 

The volume of the solution eenprising a solid alunoxane and 
S a solvent therafor can vary. In a preferrad embodiment, of 
alumoxane incorporation into the carrier, one of the controlling 
factors in the alunoxane incorporation ihto the carrier material, 
catalyst synthesis is the pore volume of the silica, in this 
preferred embodiment, the process of impregnating the carrier 
10 material is by infusion of the alunoxane solution, without 
forming a slurry of the carrier material, such as silica, in the 
alumoxane solution. The volume of the solution of the alumoxane 
is sufficient to fill the pores of the carrier material without 
forming a slurry in which the volume of the solution exceeds the 
IS pore volume of the silica; accordingly and preferably, the 
maximum volume of the alumoxane soiution is, does not exceed, 
the total pore volume of the carrier material sample. That 
maximum volume of the alumoxane solution ensures that no slurry 
of silica is formed. Accordingly, if the pore volume of the 
20 carrier material is l.65cmj/g, then the volume of alumoxane will 
be equal to or less than 1.65 cmj/gram of carrier material. As 
a result of this proviso, the impregnated carrier material vill 
appear dry immediately following impregnation although the pores 
of the carrier will be filled with inter alia solvent. 
25 Solvent may be removed from the alumoxane impregnated pores 

of the carrier material by heating and/or under a positive 
pressure induced by an inert gas, such as nitrogen. if 
employed, the conditions in this step are controlled to reduce, 
if not to eliminate, agglomeration of impregnated carrier 
30 particles and/or crosslinking of the alumoxane. In this step, 
solvent can be removed by evaporation effected at relatively low 
elevated temperatures ©f above about 40»c and below about 50«c 
to obviate agglomeration of citalyst particles and crosslinJcing 
of the alumoxane. Although solvent can be removed by 
evaporation at relatively higher temperatures than that defined 
by the range above 40«C and below about 50«C, very short heating 
times schedules must be employed to obviate agglomeration of 
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catalyst particles and crossllnking of the alximoxane. 

In a preferred embodiment, the metal locene is added to the 
solution of the alumoxane prior to impregnating the carrier with 
the solution. Again, as noted above, the naxiaun volume of the 
5 aluaioxana solution also including the netallocene is the total 
pore volune of the carrier material saicple. The stole ratio of 
alumoxane provided aluminum, expressed as Al, to metalloeene 
metal expressed as M (e.g. Zr) , preferably ranges from 50 to 
500, more preferably 75 to 300, and most preferably lOO to 200. 
10 An added advantage of the present invention is that this Al:zr 
ratio can be directly controlled. In a preferred embodiment the 
aluaoxane and metallccene compound are nixed together at a 
temperature of about 20 to «0«C, for o.l to 6.0 hours, prior to 
use in the infusion step. The solvent for the metallocene and 
15 alunoxane can be appropriate solvents, such as aromatic 
hydrocarbons, halogenated aromatic hydrocarbons, ethers, cyclic 
ethers or esters, preferably it is toluene. 

The catalyst precursor component formed from the 
organomagnesium compound, the non-netaiaocene transition metal 
20 and the activated metallocene, must now be activated with a 
cocatalyst, which is an alkyl aluminum compound, free of water 
and free of oxygen-containing oligomers. 

The cocatalyst can be a triaDcylaluminum, free of an 
alumoxane. Preferably, trimethylaluminum (TTIA) is the 

25 cocatalyst or activator. The amount of the THA activator is 
preferably sufficient to give an Al:Ti molar ratio of about 10:1 
to about 1000:1, more preferably about 15:1 to about 300:1, and 
most preferably about 20:1 to about 100:1* The catalyst 
exhibits high activity for long periods of time, and exhibits 
30 little deactivation. 

The catalyst precursor of this invention comprises a 
metallocene compound and an alumoxane which is fed to the fluid 
bed*reactor for gas phase polymerizations and copolymerizatlons 
of ethylene in particulate form. Koreover, in accordance with 
35 the invention, the cocatalyst or activator is fed zo the fluid 
bed reactor for polymerizations and copolymsrizations cf 
ethylene in the absence of alumoxane solution. 



wo 95/13871 




PCr/US94/13128 



- 14 • 

The polymerization products produced using the catalyst 
according to the invention cotcprise two components of different 
molecular weight, with one MW component being of relatively 
higher molecular weight than the other. The relatively higher 
5 molecular weight component, of the bimodal molecular weight 
distribution product, has a relatively narrow molecular weight 
distribution. These resins exhibit better bubble stability than 
resins produced by other catalysts in which the MWD of the high 
KW component is relatively broad. Bubble stability is a 

10 prerequisite to use of the resin product in high stalk extrusion 
film equipment operating under commercially acceptable rates. 
(10-20 Ib/hr.inch (0.18 to 0.36 Kg/hr.cm) die rate at thin gauge 
(< 1 mil (25 ju) ) ) . 

The products exhibit excellent Dart Drop Impact (DDI) as 

15 measured by ASTM D 1709. The products exhibit Dart Drop Impact 
(DDI) in the range of ISO to 800g, preferably from 300 to soog, 
and most preferably from 400 tc 800g for a nominal i mil (25 ju) 
gauge film. 

Ethylene polymers, as well as copolymers of ethylene with 

20 one or more Cj-c^o alpha-olef ins, can be produced in accordance 
with the invention. Thus, copolymers having two moncmeric units 
are possible as well as terpolyrers having three mcnomeric 
units. Particular examples of such polymers include ethylene/l- 
butene copolymers, ethylene/ l-hexene copolymers and ethylene/4- 

25 methyl-l«-pentene copolymers. 

Hydrogen may be used as a chain transfer agent in the 
polymerization reaction of the present invention. The ratio of 
hydrogen/ethylene eriployed will vary betv/een about o to about 
2.0 moles of hydrogen per mole of ethylene in the gas phase. 

30 Any gas inert to the catalyst and rsactants can also be present 
in the gas stream. 

^ Ethylene/ 1-butene and ethylene/ l-hexene copolymers are the 
most preferred copolymers polymerized in the process of and with 
the catalyst of this invention. The ethylene copoiy.T»ers produced 

35 in accordance with the present invention preferably contain at 
least about 80 percent by weight of ethylene units. The 
cocatalyst of this invention can also be used with the catalyst 
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prec\irftor of this invention to polyioerizo propylene and other 
alpha--ole£ins and to copolymerize then. 

In another eabodiinent of the invention, the catalyst of the 
invention exhibits high ac±ivity for polynerization of ethylene 
5 and higher alpha-olef iiie and allows the synthesis of ethylene 
polymers and copolymers with a broad molecular wei^t 
distribution and generally, bimodal molecular weight 
distribution with a relatively high molecular weight component 
and with a relatively lower molecular weight component in the 
10 resin blend. The molecular weight distribution of the bimodal 
resin, expressed as KFR, is about 70 to about 200. 

Reference is now made to the accompanying drawings, in 
which; 

Figure l is a gel permeation chromatogram of Example 4 
15 product; 

Figure 2 is a gel permeation chromatogram of Example 3 
product; 

Figure 3 is a gel permeation chromatogram of bimodal 
molecular weight distribution resin product, in which one 

20 component of the resin was produced under one. set of 
polymerization conditions and the other component was produced 
under a second set of conditions; and 

Figure 4 is a schematic drawing of a fluid bed reactor for 
gas phase polymerization (and copolymer izat ion) • 

25 Referring to Figure 4, a reactor 10 consists of a reaction 

zone 12, a velocity reduction zone 14 and the distributor plate 
20. Although fculing can occur in all of the cold areas (areas 
in a reactor at a temperature which is less than the temperature 
at which any eomponent(8) , in the gas phase reactor are liquid 

30 rather than gaseous) distributor plate fouling is the one nost 
easily detected, since it results in a rapid increase in the 
P3;e6sure drop across the distributor plate due to flow 
restriction. such flow restrictions also result in changing 
fluidization patterns and contribute tc reactor wall fouling. 

35 The lowest temperature in the reaczoi- loop is in the reactor 
inlet beneath the distributor plate. Other areas represent ing 
the coldest sigctions in the fluid bed reactor system include the 
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cooler and piping between the cooler and the bottom head. 

The reaction zone 12 comprises a bed of growing polymer 
particles and a minor amount of catalyst particles f luidized by 
the contimxous flow of polynerizable and modifying gaseous 
S components. To aaintain a viable fiuidised bed, the nass gas 
flow rate through the bed must be above the nininsua flow 
required for fluidization, and preferably from about 1.5 to 
about 10 times Gmf and more preferably from about 3 to about 6 
tiioes Gmf. Gmf is used in the accepted form as the abbreviation 
10 for the minimum mass gas flov; required to achieve fluidization, 
C. Y. Wen and y. H. Yu, "Mechanics of Fluidization", Chenieal 
Bnqinee^jLnq Pggqrgpg Svnposiin.. <i^ri^^. vol. 62, p. 100-111 
(1966). The distribution plate 20 serves the purpose of 
diffusing recycle gas through the bed at a rate sufficient to 
13 maintain fluidization at the base of the bed. Fluidization is 
achieved by a high rate of gas recycle to and through the bed, 
typically in the order of about 50 tines the rate of feed of 
maJca-up gas. Make-up gas is fed to unity to drop back into the 
bed, through a cyclone 22, through a filter 24 (optionally) and 
20 is • compressed in a compressor 25, passes through a heat 
exchanger 26 and is returned to the bed. The distribution plate 
20 serves the purpose of diffusing recycle gas tnrough th^ bed 
at a rate sufficient to aaintain fluidization. The plate nay 
be a screen, slotted plate, perforated plate, a plate of the 
25 bubble cap type, and the liXe. The elements of the plate may 
all be stationary, or the plat© may be of the mobile type 
disclosed in US-A-3298792. 

It is generally important to operate the fluid bed reactor 
at a temperature beiov; the sintering temperature of the polymer 
30 particles. For the production of ethyle.ne copolymera in the 
process of t.*je present invention dn operating temperature of 
ab^ut 30» to 115'C is preferred, and a temperature of about 75 • 
to 95 "C is most preferred. Temperacares cf about 75 « to 90 'C 
are used to prejpare products having a density of about 0.91 to 
35 0.92 g/clr.^ and temperatures of about 60 » to lOO'C are used to 
prepare products having a density of about 0.92 to 0.94 g/ois', 
and temperatures of about 90' to ii5»c are used to prepare 
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products having a density of about to 0,96 g/caP. 

The fluid bed reactor is operated at pressures of up to 
about 1000 psi (6.9 MPa), and is preferably operated at a 
pressure of from about ISO to 3 SO psi (i.o to 2.4 MPa) , with 
5 operation at the higher pressures in such ranges favouring heat 
transfer since an increase in pressure increases the unit volume 
heat capacity of the gas. 

The partially or coinpletely activated catalyst is injected 
into the bed at a point above the distribution plate at a rate 
10 equal to its consumption • Since the catalysts used in the 
practice of this invention are highly active, injection of the 
fully activated catalyst into the area below the distribution 
plate may cause polymerization to begin there and eventually 
cause plugging of the distribution plate* Injection into the 
15 bed, instead, aids in distributing the catalyst throughout the 
bed and precludes the formation of Ibcali^ed spots of high 
catalyst concentration. 

The production rate of pblyicer in the bed is controlled by 
the rate of catalyst injection. Since any change in the rate 
20 of catalyst injection changes. the rate of generation of the heat 
of reaction, the temperature of the recycle gas is adjusted to 
accommodate the change in rate of heat generation- Complete 
instrumentation of both the fluidized bed and the recycle gas 
cooling system is, of course, necessary to detect any 
25 temperature change in the bed so as to enable the operator to 
maJce a suitable adjustment in the temperature of the recycle 
gas. 

since the rate of heat, generation is directly related to 
product formation, a measurement of the temperature rise cf the 
30 gas across the reactor (the difference between inlet gas 
temperature and exit gas temperature) is determinative of the 
rate of particulate polymer formation at a constant gas 
velocity. 

Under a given set of. operating conditions, the fluidized 
35 bed is maintained at essentially a constant height by 
withdrawing a portion of the bed as product at a rate equal to 
the rate of fozrmation of the particulate polymer product. 
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Examples 

The titanium component of the catalyst was prepared first 
and isolated as a free-f lowing powder* The sireoniinn component 
5 of the catalyst was prepared using a "dry" impregnation method 
described above. 

(A) Titanium Catalyst Component Preparation: 541 grams of 
Davison grade 955«[600''C calcination temperature] silica was 

10 weighed into a two-gallon (0.008 m^) stainless steel autoclave 
containing a stirring paddle.' Next, about 4.8 litres of dry 
isopentane was added to the autoclave and the stirring rate was 
set at 100 rpm. The temperature of the silica/ isopentane slurry 
was 54-58 •c. Next, 546 00? Of dibutylmagnesium (0.713 mmol/ml) 

15 was added to the slurry. The contents of the autoclave were 
stirred for 60 minutes. Then, 35.6 cm^ of neat l-butanol were 
added and stirring was continued for one hour. Finally, 21.4 
cni^ of titanixm tetrachloride was added to the autoclave and 
stirring continued for 60 minutes. After this time, all 

20 solvents were removed by evaporation under a nitrogen purge. 
Catalyst yield was 496 grams of a tan free-f lov;ing powder. Ti 
found 1.48 wt.%; Mg found 1.48 wt.%. 

(B) Small-scale Catalyst Preparation: Solution (A>: 0.0850 
grams of (BuCp)2ZrCl2 was transferred to a 30 cm^ serum-bcttle 

25 and 4.5 cm^ of a 4.67 Kolar (13.7 wt.* Al) solution of 
methylalumoxane were added. The bottle was shaken for about one 
minute to form a yellow solution which was used immediately as 
described below. 

Under an inert atmosphere, 2*508 grams of the titaniun- 

30 containing catalyst described above [ (A) Titanium Catalyst 
Component Preparation} was added no a 300 cn^ pear fiasK 
containing a magnetic stirring bar which was used to agitate the 
catalyst powder vigorously. Then at room temperature, 3.76 cm^ 
of solution (A) described above, was added dropwise to the flask 

35 over a 12 minute period. The total volume of solution (A) used 
was such that the titanium containing catalyst always appeared 
dry during the entire addition time. However, during this 
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addition tine, the light tan titanlxim-containing catalyst turned 
a dark brown colour • Finally, the pear flask vras placed into 
an oil bath set at 55-60^C, and the residual toluene £ron 
solution (A) was removed with a nitrogen purge to give a dry, 
5 tan, free-flowing powder. 

Large-scale catalyst Preparation! Solution B: 12.95 grans 
of (BuCp)2ZrCl2 was transferred to a one^litre bottle and 687 nl 
of a 4.67 Molar (13«7 wt«% Al) solution of methylalinnoxane were 

10 added. The bottle was shaken for about one minute to fom a 
yellow solution which was transferred into a 1 • 5 litre stainless 
steel hoke bomb and used inmediately as described below. 

Under" an inert atmosphere, 465 grains of the titanium- 
containing catalyst described above [ (A) Titanium Catalyst 

15 Component Preparation] was added to a 2*gallon (0.008 n^, glass- 
reactor vessel containing a helical stirrer to agitate the 
catalyst powder and a temperature jacket which was set at about 
30^C. The stirrer was set at 125 rpn. Then^ the contents of 
the hoke bonb (solution B) was added to the titanium-containing 

20 catalyst in approximately 5-10 cm^ aliquots every 3 0-60 seconds 
over a 45 minute period. The total volume of solution (B) used 
was such that the titanium containing catalyst always appeared 
"dry" during the entire addition' time. However, during this 
addition time, the light tan titanium-containing catalyst turned 

25 a dark brown colour. A£ter the addition of solution (B) was 
complete, the jacket temperature was set at 45''C and the 
residual toluene was removed with a nitrogen purge for 5 hrs. 
After this time the catalyst was a dark brown free-flowing 
powder. Analytical results: Mg, 0.99 wt.%; Ti, 0.96 wt.%; Al. 

30 11.09 wt.% and Zr, 0.43 wt.%. 

^ Polymer ^jS?^t^9n - SmrTY 

Ethylene /l-hexene copolymer vas prepared with the 
bimetallic (Ti/Zr) composition of Example 2 to produce HDPE with 
35 a relatively high molecular weight. 

A 1.6 litre stainless steel autoclave^ at about 47**C. was 
filled with 0.750 litres of dry hexane, 0.030 litres of dry 1- 
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hexeiie and 4.0 xnx&ols of trimethylaluminun (TI4A) was added while 
tmder a slow nitrogen purge. The reactor was closed, the 
stirring rate was set at about 900 rpm, the internal tenperatnre 
was increased to 85^0. and the internal pressure was raised froB 
5 7 psi to 13 psi (48 to 90 KPa) with hydrogen. Ethylene was 
introduced to maintain the reactor pressure at about 200 psi 
(1*4 MPa) . Next, 0.0244 grams of catalyst composition of 
Example 2 was introduced into the reactor with ethylene over- 
pressure and the teinperature was increased and held at SS^'C. 
10 The polymerization was continued for 60 minutes, and then the 
ethylene supply was stopped and the reactor allowed to cool to 
room temperature. 36.6 grams of polyethylene were collected* 
The HLI^l of the polymer was 4.3 indicating a relatively high 
molecular weight and the GPC chromatogram is shown in Figure 2. 
15 _ Example 4 

Polvnerizatlon - Gas Phase Fluid-bed Reacror 
The catalyst of Example 2 was added to a fluid-bed gas 
phase reactor under the following conditions: 

Ethylene 183 psi (1.28 KPa) 

20 0.C09 

Hexene/ethylene 0*013 
Reactor Temp. 90 *C 

Cocatalyst TMA (trimethylaluminum) 300 

ppm based on ethylene feed 

- 25 Example 5 

Product - Alpine Film Line: 

Polymer produced in Example 4 with a HLHI of 5.5, MFR of 
128, which gave a GPC chromatogram with a HMW/LMW ratio of 
64 ,2/3 5. 8 as shown in Figure 1. was fabricated into HOPE film 
30 at 0.5 and i.o mil (13 and 25 fi) . The impact data is shown 
below s 

RE^IN ri/MFP/ 1.0 mil Dart Drop 0*5 mil Dart Drop 

(25.U) (13jii) 
Example 4 . 5/111 752 415 

35 herein 

Tandem 7/110 273 395 

values for pellets ootained alter stabilizer package vas 
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. addad to granular resin 

me molecular weight distribution (HMD} of polyiner produced 
in Exai!q[>le 4 fron the gas phase reactor and polymer from the 
slurry reactor (Example 3) vere e)caioined by Gel Permeation 
5 Chromatography (G?C) , and the results clearly show that both 
polymers have a bimodal KWD (Figures 1 and 2) . Figure 3 shows 
the GPC chromatogram for a HDPE polymer prepared in tandem gas 
phase reactors. Comparison of the GPC chromatograms shows that 
the polymer prepared in a single reactor (either gas phase or 

10 slurry) with the catalyst of this invention has a bimodal KWO 
similar to the polymer prepared in tandem reactors. 

Presently, commercial samples of HDPE wi^h a bimodal HOT) 
are produced with a tandem reactor process • In such a process, 
the catalyst is exposed to one reactor in the presence of very 

15 low levels of hydrogen as chain transfer agent, and then 
transferred into a second reactor with relatively large amounts 
of hydrogen. The first reactor produces the high-molecular 
weight component, while the second reactor produces the low- 
molecular weight component. 

20 Film toughness properties, as measured by Dart Drop Impact 

(DDI) I show that the resin prepared with the timetallic catalyst 
in a single reactor has significantly better properties than the 
resin produced in tandem gas phase reactors. The polymer of 
this invention also exhibited good film bubble stability without 

25 having to tailor the resin in an extruder prior to the film 
forming process. 
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1. An catalyBH donqposltlon for producing bimodal siolecular 
weight distribution high density and lineeur low density polymers 

5 and copolyners of ethylene, coxoprlsing: 

(a) an aluatinum al]eyl non-oxygen containing activator; 
and 

(b) a dry^ anhydroxxs, support containing conposition 
comprising an activated metallocene coxnpound of a 

10 transition metal and a non-metal locene transition 

metal activated by said aluainum alkyl activator, 
wherein the support is the reaction product of: 

(1) silica having OH groups, impregnated with RmHgR'or 
wherein each of and R„ is alkyl group containing 1 

15 to 12 carbon atoms, each of m and n is 0, 1 or 2 

provided that -m^n is equal to the valency of Mg, and 
R^MgR'tt is present in an amount to provide a R^MgR'atOH 
molar ratio of 0.5:1 to 4:1; and 

(2) an organic alcohol reagent providing alkoxy groups 
20 having a formula R"C-, wherein R' ' is alkyl group 

containing 1 to 12 carbons; said alkoxy groups being 
effective to displace the R,„ and R'^ of said R^IgR%,; 
and said reagent being used in an snount effective to 
provide an alcohol :Mg molar ratio of 0.5 to 2.0. 

25 

2. A catalyst composition according to Claim l, wherein each 
of Rg^ and R'„ is alkyl group containing 4 to 10 carbon atoms. 

3. A catalyst according to Claim 2, wherein each of R„. and R'^ 
30 is a butyl group. 

4. ^ A catalyst according to Claim 2, wherein each of R^ and R'„ 
is ri-butyl. 



35 5. A catalyst according to any one of claims i to 4, wherein 
R' ' is an alkyl group containing i to S carbons atoms* 
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6. k catalyst aooordlng to any one of the preceding Claims, 
wherein rhe S''0- is provided as an alcohol. 

7* A catalyst according to any on« of the preceding clains, 
5 wherein the reaction product le fenced toy 

(1) providing a slurry of a non-polar solvent and a 

solid porous silica having -OH groups; 

(ii) impregnating said silica^ with said R^KqR\, to 
form an intermediate (ii), wherein the Mg;-OH 

10 groups ratio is less than 2, wherein said l^gR'a 

is soluble in said non-polar solvent; 

(iii) treating the intermediate from step (ii) with an 
amount of R^'OH, which amount is effective to 
provide a R "OH: R^gR'« molar ratio of 0-S to 

15 2»0. 

8. A catalyst according to Claim 7, which includes fiirther 
steps, after (iii), comprising: 

(iv) treating the product of step (iii) product with 
20 TICI4 to form a titanium containing 

intermediate; and 
(V) combining the titanium containing intermediate 

with a said activator. 

25 9. A catalyst according to any one of the preceding Claims, 
wherein the non-metal locene transition metal is titanium. 

10. A catalyst according to Claim 9, wherein tihe non- 
metallocene transition metal is titanium tetrachloride. 

30 

11. A catalyst according to any one of the preceding Claims, 
wjjerein the activator is trimethylaluminum. 

12. A catalyst according to any one of the preceding Claims, 
35 wherein the metallocene transition metal is provided as a 

compound which has the formula Cp^MAyBz, wherein Cp is 
cyclopentadienyl unaubstituted or substituted by alkyl or 
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alkylene of 1 to 6 carbon atoas; x is at least i; each of A and 
B is halogen or alkyl of 1 to 8 carbon atoms, and y plus z is 
3 or less provided tbat X+y+« is equal to the valence of M? and 
H is selected from the group consisting of titanium or zirconium 
S or hafnium. 

13 A catalyst according to Claim 12, wherein the aetallocene 
compound is selected from the group consisting of bis- 
(cyclopentadienyl) zirconium dichloride and bxs.(n- 

10 butylcyclopentadienyl) zirconium dichloride. 

14 A catalyst according to any one of the preceding Claims, 
wherein the metallocene compound is activated with a solution 
Of methylalumoxane; wherein the silica has a pore volume in the 

15 range of l.o cmVg to 4.0 cmVg; and wherein the solution has a 
volume which is egual to the total pore volume. 

15 A process for producing bimodal molecular weight 
distribution high density and linear low density polymers and 

20 copolymers of ethylene, comprising polymerizing ethylene in the 
presence of a catalyst as defined in any preceding Claim in a 
single reactor to produce bimodal molecular weight distributi-on 
high density and linear low density polymers of said ethylene. 

25 16. A process according to Claun 15, wherein said ethylene is 
copolymerized with a C, to alpha olefin to produce bimodal 
molecular weight distribution high density and linear low 
density copolymers of said ethylene. 
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